The aim of this article is to assess whether a Fiscal Sustainability Indicator (FSI) can be used to predict the probability that a currency crisis occurs. The FSI developed by Croce and Juan-Ramón (2003) is employed. Two different definitions for currency crises are used to evaluate whether they induce different results in the analysis. In general, the results suggest that the lagged FSI has an explanatory power over currency crises in some countries.
Introduction
The fiscal and monetary roots of currency crises have been studied both theoretically and empirically. The first generation models, called speculative attack models, focus on the role of inconsistencies between fiscal, monetary and exchange rate policies (Krugman, 1979 (Krugman, , 1996 Flood and Garber, 1984; Flood and Marion, 1996) . In these models, inadequate macroeconomic policy is the main cause of speculative attack against the local currency which finally leads to a currency crisis. The second generation models accentuate the self-fulfilling characteristics of a currency crisis and the occurrence of multiple equilibriums (Obstfeld, 1986 (Obstfeld, , 1996 Rangvid, 2001 ). These models emphasize the role of policymakers` preferences. The option of abandoning a fixed exchange rate regime, in order to implement an expansionary monetary and fiscal policy, may be an ex-ante optimal decision for the policymaker, considering that economic authorities face tradeoffs. However, a speculative attack becomes more likely because of the possible existence of multiple equilibriums. Finally, third generation models stress the consequences of moral hazards in the banking system and the contagion effect as key determinants of a speculative attack and currency crisis. Central Banks financing the rescue of the financial system could be inconsistent with a managed exchange rate regime (Chang and Velasco, 2001 ).
More recent empirical research not only focuses on explaining the causes of a currency crisis, it is mainly motivated by the need to forecast and prevent currency crises and considers a wide range of variables that can help in constructing a system for predicting a currency crisis. Numerous studies have attempted to identify those variables that can be the best predictors of currency crises. Literature on early warning systems (EWS) attempts to combine a number of indicators into a single measure of crises risks. Two approaches in constructing EWS models became common in early empirical works: the non-parametric signalling approach (Kaminsky et al., 1998 ; among others) and limited dependent variable probit-logit models (Berg and Pattillo, 1999a,b; Goldstein et al., 2000; Kumar et al., 2003 ; among others). Kaminsky et al. (1998) construct an early warning system using a signal model approach. The idea behind this model is that the indicators behave differently on the verge of a crisis. Therefore, when an observation exceeds a specific threshold, the indicator sends a signal. The more indicators flag signals, the higher the probability of a crisis. Alternatively, Berg and Pattillo (1999a,b) modify the probit model used in Frankel and Rose (1996) and associate a set of variables with the probability of a currency crisis. This approach provides the possibility of evaluating a formal model of relationships between various indicators and a discrete occurrence of a currency crisis. On the other hand, Crepo-Cuaresma and Slacik (2009) incorporate uncertainty in the framework of a binary choice model. They use real exchange rate misalignment and financial market indicators to predict crisis periods instead of a crisis occurrence. Similarly, Comelli (2013) compare performances of three parametric and non-parametric early warning systems for currency crises in emerging market economies using a set of explanatory macroeconomic indicators and an indicator of political risk. But the challenge has been to find an early warning indicator that allows for anticipation of these crises. Some authors use exchange rate expectations, currency overvaluation, and capital controls, among others, as predictors of currency crises (Goldfajn and Valdés, 1998; Burkart and Coudert, 2002) . Other researchers use stock market, sovereign ratings, the term structure of relative interest rate, level of international reserves and exchange rate overvaluation as leading indicators of currency crises (Broome and Morley, 2004; Sy, 2004; Crepo-Cuaresma and Slacik, 2007; Frankel and Saravelos, 2012) . Some of the aforementioned studies employ more than one methodology. However, none of these consider a Fiscal Sustainability Indicator (FSI).
The aim of this article is to assess whether a FSI can be used as a leading indicator in predicting currency crises. To measure the fiscal sustainability of each country considered, the alternative approach proposed by Croce and Juan-Ramón (2003) is employed. A probit model is then employed, and two empirical definitions for currency crises are used to evaluate whether they induce different results.
Quarterly data for a sample of the following 17 countries is presented: Argentina, Brazil, Chile, Colombia, Costa Rica, the Czech Republic, the Dominican Republic, El Salvador, Honduras, Hungary, Indonesia, Malaysia, Mexico, Peru, the Philippines, Thailand and Turkey. This is a heterogeneous group of countries. However, most of them have experienced episodes of currency crises or speculative attacks in the period 1990-2004. Therefore, the countries and the period considered provide a good sample to test our hypothesis. This selection of countries has been dictated by data availability. Fiscal policy was also a relevant criterion in terms of public debt as well as in terms of composition and variability of public expenditures in the sample. It should be emphasised that this paper does not attempt to give a detailed overview of the causes and unfolding of currency crises. Instead, it concentrates primarily on figuring out if the FSI helps to predict currency crises.
The remainder of this article is organised as follows: Section II discusses the FSI and presents a framework for the probit model. Section III shows the data and descriptive statistics. Section IV presents the empirical results. Finally, Section V shows some concluding remarks.
Methodology
Firstly, in this section, the recursive algorithm developed by Croce and Juan-Ramón (2003) is reviewed in detail. Government intertemporal budget constraint is the starting point. In order to facilitate the analysis, it is assumed that net privatisation proceeds, public revenue from the creation of money (seigniorage) and revaluations of assets and liabilities are equal to zero. The financing needs of the public sector are defined as:
where t D is the stock of total public debt (domestic and foreign), t PD is the primary deficit and t i is the nominal rate of interest payments. Equation (1) shows that the change in the stock of public debt (domestic and foreign) is induced by the public sector borrowing requirement (PSBR) at time t to finance the primary deficit and the interest payments on public debt. Multiplying both sides of equation (1) by -1, the following is obtained:
( )
where
, that is t PS is the primary surplus of the public sector. Equation (2) can be expressed as a fraction of the nominal Gross Domestic Product as: 
This intertemporal budget constraint indicates that the initial stock of public debt should be equal to the discounted present value of the sequence of public primary surpluses from time t to time t N + . Using equation (4), the following definition can be stated: 
where the primary surplus ratio has two components: the primary surplus ratio associated with target debt ratio, and the policy response to the gap between the observed debt ratio and the target debt ratio. The parameter t λ indicates the intensity of the policy response at time t , given the debt ratio gap in the previous period. Equation (6) characterises a fiscal rule or a policy reaction function.
Combining equations (3), (5) and (6), the public debt as a proportion of GDP including the policy reaction parameter t λ can be obtained:
In order to derive a simple expression for the index of fiscal sustainability, it is assumed that the debt ratio at time 1 t − is higher than the long-term objective for that ratio
. Hence equation (7) 
This expression states that a persistently higher spread between the observed real interest rate and the observed growth rate of real GDP would, other than being equal, lead to higher public indebtedness (high parameter t β ). The second parameter ( ) t λ measures the ratio between the deviations of the observed and target values of the primary surplus and public debt ratios. In addition, a fiscal position would be sustainable if 1
Finally, a probit equation is then estimated to explain the probability that a currency crisis occurs ( )
where the dependent variable is a dummy that equals 1 if the economy is experiencing a currency crisis and zero otherwise, F is the normal cumulative distribution function, and X is a set of macroeconomic indicators, which are believed to be relevant in anticipating currency crises according to the literature. The choice of the explanatory variables is inspired by the literature on early warning systems. The explanatory variables are the fiscal sustainability indicator (FSI), real GDP growth (∆GDP), the growth rate in the stock of foreign exchange reserves (∆RI), the ratio between domestic money stock expressed in U.S. dollars and the stock of reserves (M2/RI), and the misalignment of the real exchange rate from its trend (RERDV). As a measure of trend of the real exchange rate, this paper uses a moving average of the last five years. The fiscal sustainability indicator is supposed to capture the state of fiscal fundamentals. Then, an unsustainable fiscal position would be expected to increase the risk of a devaluation or speculative attack. The real GDP growth and the growth rate in the stock of foreign exchange reserves should be negatively related to the crisis incidence. Higher economic growth should reduce the temptation to devaluate. Similarly, the ratio between domestic money stock expressed in U.S. dollars and foreign exchange reserves should be negatively related with currency crises because an unstable ratio may indicate a lending boom, which can be consistent with the expectation of currency depreciation. Delays of the real exchange rate, relative to its average over the previous five years, are considered to be associated with unsustainable external positions and, therefore, are expected to increase the probability of a devaluation or speculative attack on the currency.
Two different definitions for currency crises are used to construct the binary crisis variable or the dependent variable. The first one defines a crisis as a nominal devaluation or depreciation of the domestic currency (ERD) that is greater than 6% in any given quarter, following the definition proposed by Frankel and Rose (1996) that there are only successful speculative attacks. The second definition for currency crises is the measure of exchange rate pressure or market pressure index (MPI) developed by Girton and Roper (1977) and modified by Eichengreen et al. (1996) . This indicator is calculated by computing a weighted average of the nominal depreciation rate, the change in interest rates and international reserves using the United States as the country of reference. The advantage of using this index is that both successful and unsuccessful attacks on a currency can be asserted. According to this criterion, a given episode can be classified as a successful speculative attack or a crisis period if the value of the MPI is greater than 1.5 standard deviations over the country's own mean value. Mean values and standard deviations are country-specific. The selection of the critical threshold of 1.5 times the standard deviation of the MPI from its mean captures mild crises (Aziz et al., 2000) . However, a major drawback to this approach is that the weights, as well as the threshold value used to identify the speculative attacks, are somewhat arbitrary.
On the other hand, if the FSI uses all available information on fiscal stances (government budget deficit, the amount and composition of public debt, etc.), then it should help predict crises because fiscal indicators have some predictive power.
Furthermore, the simple model should not be misspecified. That is, other fiscal variables proposed by the literature would already be captured by the FSI themselves. Thus, the state of fiscal fundamentals should be captured in this single indicator.
Data and Summary Statistics
The data is quarterly and covers the period from the first quarter of 1990 to the fourth quarter of 2004 for 17 countries 3 , which were selected following the data availability and because many of them experienced episodes of crises in the period studied. The data was collected from the World Bank's Global Development Finance (GDF), the IMF's Government Finance Statistics (GFS), the IMF's International Financial Statistics (IFS) and the respective Ministry of Finance websites. As the Czech Republic was founded in 1993, earlier data for this country were not available.
The summary of descriptive statistics for the dependent variables (market pressure index and the exchange rate depreciation) is listed in Table 1 and 2, respectively. According to Tables 1 and 2 , Brazil, Peru and Turkey show the highest quarter averages of the MPI and depreciation in their exchange rates. Most of the countries considered displayed high degrees of volatility in their foreign exchange market, given that the standard deviations are always more than double their mean value. Nonetheless, Table 1 shows that Chile, Costa Rica, the Dominican Republic, El Salvador and Hungary have negative skewness (and only Chile in Table 2 ), which implies that more tranquil periods in which the exchange rates remain more or less stable tend to occur more often than large speculative attacks or depreciations in their foreign exchange markets.
Empirical Results
To construct a Fiscal Sustainability Indicator (FSI), we use * d equal to the minimum value reached by the debt ratio during the period studied. The value of * β represents the median of the distribution for the observed values of β for the group of countries.
Its value was set at 1.026, implying that the expected value of the real interest rate is 2.6 percentage points higher than the real growth rate, in a steady state. Table 1 shows the countries with problems of fiscal sustainability during 1990Q1-2004Q4. Countries for which the FSI was above the threshold of 1 were classified as having been fiscally unsustainable ( ) 1 β λ − > at least 75% of the times during the period studied. Table 3 , on average, the countries in the sample present an unsustainable fiscal stance that is mostly explained by government fiscal deficits rather than by spreads between the real interest rates and the growth rates. In summary, Argentina, Colombia, Costa Rica, the Czech Republic, El Salvador, Honduras, Hungary, Mexico, Peru, the Philippines and Turkey present large unsustainable fiscal positions in most of the period studied, which are basically explained by primary fiscal deficits. Veal and Zimmerman (1992) are used. These measures compute a Log-Likelihood ratio of the model studied as compared to another model that does not take the information of the former into account. In the case of Estrella (1998) , the LogLikelihood of equation (9) is compared to the Log-Likelihood of a model where the binary series is only regressed on a constant (unconstrained model). Similarly, Veal and Zimmerman (1992) developed a pseudo-R 2 measure of goodness-of-fit (V-Z R 2 ) based on the ratio of the maximized Log-Likelihood function versus the restricted LogLikelihood function where explanatory variable coefficients except the intercept term are set equal to zero. The version proposed by Estrella (1998) further adjusts for the number of regressors. The results of these estimates are presented in Tables 4a, 4b, 5a and 5b.
For the sample as a whole, the coefficient of the lagged FSI is positive and statistically significant at the 1% level, with a marginal effect of 8.7% for MPI. An interpretation of this marginal effect would proceed as follows; a 1% increase in the FSI will induce an 8.7% increase in the probability that a currency crisis occurs. All the coefficient estimates are statistically significant, but only the misalignment of the real exchange rate from its trend has the expected sign. When ERD is used as the dependent variable, the coefficient of the FSI is positive and statistically significant at the 1% level with a marginal predictive contribution of 10.9%. Real GDP growth, the deviations of the real exchange rate from its trend and the growth rate in the stock of foreign exchange reserves have the right sign. However, the stock of foreign exchange reserves is not significant. The McFadden R 2 for these estimates is 23.1% and 10.8%, respectively, while the results of the Estrella R 2 are 14.9% and 36.2%, respectively. The pseudo-R 2 developed by Veal and Zimmerman (1992) shows that goodness-of-fit is 32.7% when MPI is used and 18.0% when the independent variable is ERD. In order to evaluate the goodness-of-fit in both models, the Hosmer-Lemeshow (H-L) test is used. The H-L test statistics lead to not rejecting the null hypothesis of no difference between observed and predicted values. Also, the LR statistic shows the general statistical significance of the models (see Tables 4a and 5a ).
In fact, the estimated results for Argentina further suggest that a lagged FSI helps predict currency crises. Here, coefficients of FSI are statistically significant at the 1% level with a marginal predictive contribution of about 9.5%. Argentina shows an unsustainable fiscal position in 87% of the period studied (see Table 3 ). The rest of coefficient estimates are significant in explaining currency crisis and have the expected sign. Real GDP growth, the growth rate in the stock of foreign exchange reserves and the ratio between domestic money stock expressed in U.S. dollars and the stock of reserves are negatively related with the occurrence of a currency crisis. In the case of Brazil, the results indicate that the FSI has a significantly positive effect on the probability of crisis occurrence. Brazil shows an unsustainable fiscal stance in about 62% of the period considered. The rest of the variables are not significant except for the ratio between domestic money stock and the stock of reserves when ERD is used, but it is positively related with the probability of a crisis. The results for Chile show that the coefficient of FSI is statistically significant and negatively related with the crisis, but only when the MPI is used. Chile shows a sustainable fiscal stance in most of the period considered. Real GDP growths, the growth rate in the stock of foreign exchange reserves and the ratio M2/RI have the expected sign. The misalignment of the real exchange rate from its trend is significant and positively related with probability of currency crisis, but the marginal predictive contribution is very low. That is, accordingly to the results showed in Tables 1 and 2 . Chile has negative skewness, which implies that more stable periods in the foreign exchange market tend to occur more often than large speculative attacks or depreciations. For Colombia, the results indicate that an unsustainable fiscal position increases the probability of a crisis when MPI is employed. The coefficient of the FSI is positive and statistically significant at the 1% level, with a marginal effect of 48.3% for MPI. Colombia has consistently maintained an unsustainable fiscal position as a result of primary fiscal deficit and higher real interest rate-growth gap (Table 3) . The probability of a crisis tends to increase with real economic growth and the deviation of the exchange rate from its trend. However, accumulation of foreign exchange reserves and M2/RI ratio reduce the risk of currency attack. On the contrary, FSI is not significant when ERD is used and the rest of the variables are negatively related with crisis probability.
Results for Costa Rica show that coefficients are statistically significant at the 10% level, with a marginal effect of 53.8%, but only if ERD is used. Costa Rica presents a high frequency of unsustainable fiscal position in the period considered. The real GDP growth, the ratio between domestic money stock and foreign exchange reserves and delays of the real exchange rate, relative to its average over the previous five years, are positively related with currency crises. While the growth rate in the stock of foreign exchange reserves is negatively related with crisis incidence if MPI is employed. Similar conclusions are drawn by Frankel and Saravelos (2012) and Comelli (2013) . For the Czech Republic, the coefficients of the FSI have negative signs and are statistically significant, but only when MPI is used. When ERD is employed as the dependent variable, the coefficient of the FSI is negative, but statistically insignificant. The probability of a crisis tends to reduce with real GDP growth, accumulation of foreign exchange reserves and M2/RI ratio. The misalignment of the real exchange rate from its trend is statistically insignificant.
For the Dominican Republic, the results suggest that the FSI predicts the probability of currency crises, but only when ERD is used. The marginal predictive contribution is 82.1%. The Dominican Republic shows an unsustainable fiscal position in 40% of the period studied (Table 3 ). The accumulation of international reserves and misalignment of the real exchange rate from its trend have the signs as expected. When MPI is used as the dependent variable, the coefficient of the FSI has the expected sign, but it is not statistically significant (see Tables 4a and 5a ). In the case of El Salvador, the results suggest that lagged FSI helps predict currency crises. The FSI calculated for El Salvador persistently presented an unsustainable fiscal stance (see Table 3 ). However, when ERD is employed as the dependent variable, the coefficient of the FSI has a negative sign and it is statistically significant. Real GDP growths and the growth rate in the stock of foreign exchange reserves are positively related with probability of currency crisis, but when ERD is used, the stock of foreign exchange reserves shows a negative relationship with crisis incidence.
The estimated results for Honduras show that the coefficient of the FSI has a positive sign and is statistically significant at the 1% level, with a marginal effect of 73.9%, but when the MPI is used as an independent variable. Honduras persistently presents an unsustainable fiscal stance (see Table 3 ). Real GDP growth, the stock of foreign exchange reserves and the M2/RI are positively related with currency crisis occurrence independent of the crisis definition employed. For Hungary, the coefficient of the FSI has a negative sign and is statistically significant, particularly when MPI is used. This country presents a high frequency of unsustainable fiscal positions (95%) in the period considered. The probability of a crisis tends to reduce with real GDP growth and the misalignment of the real exchange rate from its trend. In contrast, M2/RI ratio reduces the risk of currency attack with a marginal effect of 2.2%. Accumulation of foreign exchange reserves is not significant. If ERD is used, the FSI is not statistically significant, and the growth rate in the stock of international exchange reserves and delays of the real exchange rate have the right sign. In the case of Indonesia, the results indicate that the FSI has a positive effect on the probability of crisis occurrence, but the marginal effect is 4.4% when MPI is employed. According to Table 3 , Indonesia shows a sustainable fiscal position in 50% of period studied. On the contrary, when ERD is used, the FSI has a significantly negative effect on the probability of currency crisis. Accumulation of international reserves has the expected sign, independent of which definition for currency crises is used, but it is not statistically significant when ERD is employed. The real GDP growth is positively related with probability of currency crises in both definitions of crisis. Similarly, for Malaysia, the coefficient of the FSI has a negative sign and is statistically significant when ERD is used. But it has a positive sign and is not statistically significant when MPI is employed. Malaysia shows a consistently sustainable fiscal balance in the period under study (Table 3) . If MPI is used, the rest of the coefficient estimates are statistically significant, but only the misalignment of the real exchange rate from its trend has the expected sign. Conversely, when ERD is used, only real economic growth and the growth rate in the stock of international reserves are statistically significant, but only the last variable has the expected sign (see Tables 4b  and 5b ).
The results for Mexico present a negative FSI coefficient when MPI is used. However, when ERD is employed, the coefficient of the FSI is positive, but is not significant. In most of the years under study, the FSI for Mexico presents an unsustainable fiscal position (83% of the time). The probability of a currency crisis in Mexico tends to increase with M2/RI. In contrast, real GDP growth, accumulation of foreign exchange reserves and the misalignment of the real exchange rate reduce the risk of a currency attack when MPI is employed. By contrast, when ERD is used, the ratio between domestic money stock and the stock of international reserves increases the probability of a currency crisis. The remainder of the variables are not statistically significant. For Peru, the results suggest that the FSI predicts high probabilities of ERD. The fiscal sustainability indicator for Peru shows an unsustainable fiscal stance during most of the period considered. The M2/RI ratio is negatively related with probability of currency crises. But when MPI is used, the coefficient of the FSI is negative and statistically significant at the 10% level, and the real GDP growth has a negative sign. Similarly, the results for the Philippines show that the coefficients of the FSI are statistically significant with a high marginal predictive contribution. For the Philippines, the fiscal sustainability indicator exhibits an unsustainable fiscal position during 98% of the period considered (see Table 3 ).When MPI is employed, all the coefficient estimates are significant in explaining currency crisis and have the expected sign. Instead, when ERD is used, only the real GDP growth and the stock of foreign exchange reserves are statistically significant and have the expected sign (see Tables 4b and 5b ).
For Thailand, the results indicate that the FSI has a substantial effect on the probability of ERD, with a marginal effect of 36.2%. The fiscal sustainability indicator for Thailand indicated sustainability in the period considered. The real GDP growth and the ratio between domestic money stock and international reserves are positively related with currency crises. The growth rate in the stock of foreign exchange reserves is negatively related with the crisis incidence but it is not statistically significant. However, when MPI is used, it is statistically significant and has the right sign. Likewise, in the case of Turkey, the high significance of the FSI coefficient and its high marginal effects suggest that the FSI predicts ERD. But the marginal effect is negligible when MPI is used. The fiscal sustainability indicator for Turkey shows an unsustainable fiscal position in the overall period studied (Table 3) . The real economic growth and the M2/RI are statistically significant, and are positively related with the probability of currency crises when MPI is employed. The accumulation of international reserves reduces the probability of currency crisis. However, when ERD is used, only the coefficient of FSI is statistically significant.
On the other hand, the LR statistic shows the general statistical significance of the models (zero hypothesis of no significance of most the coefficients in the models was rejected). The different pseudo-R 2 indicates relatively good goodness-of-fit in the different models. However, in order to evaluate the goodness-of-fit in the different estimation the Hosmer-Lemeshow (H-L) test is carried out. The null hypothesis is that fit is sufficient to the data. The H-L test statistics do not reject the null hypothesis, so it is reasonable to consider that the goodness-of-fit is quite acceptable.
In summary, the estimated results suggest that, for some countries, the FSI is useful in predicting the probability of currency crises. Moreover, its overall explanatory power is quite substantial, given that the different pseudo-R 2 measure surpassed the value of 20% for most specifications.
Concluding Remarks
This article addressed the issue of whether a fiscal sustainability indicator can anticipate the occurrence of currency crises. The results reveal that an unsustainable fiscal position positively affects the probability of currency crisis occurrence. In some countries, the results seldom vary when different definitions for currency crises are considered separately. In spite of these, our empirical findings seem to provide supporting evidence for some authors, who argue that fiscal policy plays an important role in generating currency crises.
The sign of the coefficients of different macroeconomic variables used is not uniform for all countries. The results obtained in the different estimations appear to be in line with some of the empirical studies on currency crises. Large accumulation of international reserves has a negative incidence on probability of currency crisis.
For future research, it would be interesting to apply the same analysis to a larger sample of countries and to a higher frequency of data, such as monthly data, as well as the refinement of the FSI to include behavioural content that would take into account endogenous private savings and investment behaviour, and thereby allow extensions to externally financed public deficits. On the other hand, one must investigate whether those fiscal imbalances in some countries reflect deeper structural shortcomings such as soft budget constraints and inefficient tax systems. 
